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Motor-driven equipment accounts for approximately 60% of manufacturing ﬁnal electricity use
worldwide. A major barrier to effective policymaking, and to more global acceptance of the energy
efﬁciency potential in industrial motor systems, is the lack of a transparent methodology for
quantifying the magnitude and cost-effectiveness of these energy savings. This paper presents the
results of groundbreaking analyses conducted for ﬁve countries and one region to begin to address this
barrier. Using a combination of expert opinion and available data from the United States, Canada, the
European Union, Thailand, Vietnam, and Brazil, bottom-up energy efﬁciency supply curve models were
constructed to estimate the cost-effective electricity efﬁciency potentials and CO2 emission reduction
for three types of motor systems (compressed air, pumping, and fan) in industry for the selected
countries/region. Based on these analyses, the share of cost-effective electricity saving potential of
these systems as compared to the total motor system energy use in the base year varies between 27%
and 49% for pumping, 21% and 47% for compressed air, and 14% and 46% for fan systems. The total
technical saving potential varies between 43% and 57% for pumping, 29% and 56% for compressed air,
and 27% and 46% for fan systems.
Published by Elsevier Ltd.
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1. Introduction
Motor-driven equipment accounts for approximately 60% of
manufacturing ﬁnal electricity use and are ubiquitous in industrial facilities worldwide. Motor systems, such as compressed air,
pumping, and fan systems, represent a largely untapped, costeffective source for industrial energy efﬁciency savings that could
be realized with existing technologies. Although motor systems
have the potential to contribute substantial energy savings, on the
order of 2.58 EJ in ﬁnal energy use, this potential is largely
unrealized (IEA, 2007).
A major barrier to effective policymaking, and to more global
acceptance of the energy efﬁciency potential of motor systems, is
the lack of a transparent methodology for quantifying this
potential based on sufﬁcient data to document the magnitude
and cost-effectiveness of these energy savings by country and by
region (McKane et al., 2008). It is far easier to quantify the
incremental energy savings of substituting an energy efﬁcient
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motor for a standard motor than it is to quantify energy savings of
applying energy efﬁciency practices to an existing motor system.
This paper and supporting analyses represent an initial effort
to address this barrier, thus supporting greater global acceptance
of the energy efﬁciency potential of motor systems, through the
construction of a series of motor system efﬁciency supply curves,
by motor system and by country studied. It is important to note,
however, the limitations of this initial study. The purpose of this
research is to provide guidance for national policy makers and is
not a substitute for a detailed technical assessment of the motor
system energy efﬁciency opportunities of a speciﬁc site.
This paper was informed by several previous studies. One of
the most comprehensive assessments of industrial motor systems
to date was conducted by the US Department of Energy (US DOE)
and has been used extensively as a foundation for further analysis
(US DOE, 2002). Also useful was the US DOE publication of energy
footprints describing the energy use of different industrial subsectors (US DOE, 2004). In the European Union, de Almeida et al.
(2003) conducted an extensive assessment of energy efﬁciency
potential in industrial motor systems in EU. International Energy
Agency (IEA) also roughly estimated the potential for energy
efﬁciency in industrial motor systems (IEA, 2007). The potential
for energy saving in the industrial motor systems have also been
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presented as a part of broader energy efﬁciency opportunity
studies such as McKinsey and Company (2008) and Fraunhofer
ISI (2009).
We used the concept of a ‘‘conservation supply curve’’ (CSC) to
make a bottom-up model to capture the cost effective as well as
the technical potential for energy efﬁciency and CO2 emission
reduction in the industrial motor systems in countries studied.
The curve shows the energy conservation potential as a function
of the marginal Cost of Conserved Energy. It was ﬁrst introduced
by A. Rosenfeld and his colleagues at Lawrence Berkeley National
Laboratory (Meier, 1982). Later CSCs were used in various studies
to capture energy efﬁciency potentials in different economic
sectors (Koomey et al., 1990; Levine and Meier, 1999; Lutsey,
2008; Hasanbeigi et al., 2010). Recently, McKinsey and Company
(2008) has also developed greenhouse gas abatement cost curves
for different countries using the concept of the conservation
supply curve.
The approach used in this study to develop the energy
conservation supply curves (in this paper called motor system
energy efﬁciency supply curves) is different from the one often
used in prior studies. Because of data limitations for industrial
motor systems at the country-level, detailed bottom-up data
typically used for developing a CSC was not available. To overcome this problem, an innovative approach was developed that
combines available data with expert opinion to develop energy
efﬁciency supply curves for the motor systems. This approach is
explained in detail in the next section.
This Phase I analysis is consistent with the level of precision
possible with the available data and is meant to be a beginning,
not an end unto itself. The authors seek to initiate an international
dialogue with other interested researchers to further reﬁne these
analyses based on additional data.

2. Methodology
For the Phase 1 analyses, six countries/region were selected
that represent varying sizes and levels of industrial development,
for which industrial energy use by sector and some information
about motor system efﬁciency practices were available. These

initial six are the United States, Canada, the European Union,
Thailand, Vietnam, and Brazil.
The ﬁrst step was a literature review to develop a baseline of
information. Next, a data collection framework was developed to
obtain expert input to supplement the existing data. Input was
sought from a total of seventeen motor system experts known to
the authors through prior research and responses were received
from thirteen of them. At least four experts responded for each of
the three systems analyzed (compressed air, fans, and pumping),
with one expert providing input on two systems. A Delphi-type
approach was used in which several iterations of expert opinion
were used to reﬁne the ﬁnal inputs to the analyses.
Country-speciﬁc data was collected in parallel with the motor
system expert consultation. After receiving expert input and
completing collection of the country-speciﬁc data, the Motor
System Energy Efﬁciency Supply Curves were constructed based
on the methodology explained below. For a more detailed
explanation of the methodology and data (country-speciﬁc and
system-speciﬁc data) used in the study, refer to United Nations
Industrial Development Organization (UNIDO) (2010).
2.1. Experts input
2.1.1. Deﬁning three base case system efﬁciency scenarios
(LOW–MEDIUM–HIGH)
The approach used was to establish three base case energy
efﬁciency scenarios (LOW–MEDIUM–HIGH) for each of three system
types – pumping, compressed air, and fan systems – based on the
previous research and the experts’ opinion. The ﬁrst step in establishing a base case was to create and test a unique list of system
energy efﬁciency practices representative of each of three efﬁciency
base case scenarios for each system type. Each list was tested and
reﬁned based on expert input. Table 1 represents pumping systems
base case practices. Similar tables for compressed air and fan
systems were developed and published in UNIDO (2010).
2.2. Data preparation and assumptions
The experts were asked to assign system efﬁciency, expressed
as a % over a range, that they would expect to see when assessing a

Table 1
Characteristics of LOW–MEDIUM–HIGH efﬁciency base case scenarios for pumping systems.
No.

LOW efﬁciency base case scenario

1
2
3
4
5
6
7

Few pumping systems have ever been assessed for system energy efﬁciency
Maintenance is limited to what is required to support operations
Flow is typically controlled by throttling or bypass
Flow in excess of actual system needs is common
Variable speed drives are not commonly used
Motors of all sizes are routinely rewound multiple times instead of replaced
5% Or less of the installed motors are high efﬁciency—either EPAct or EFF1 equivalent

1
2
3
4
5
6
7

MEDIUM efﬁciency base case scenario
 15% Of pumping systems have been assessed for system energy efﬁciency
Maintenance is a routine part of operations and includes some preventative actions
System operators take steps to avoid controlling ﬂow via throttling or bypass
Efforts are taken to efﬁciently match supply with demand
Variable speed drives are proposed as a solution for ﬂow control
Motors Z 37 kW are typically rewound multiple times, while smaller motors may be replaced
 25% Of the installed motors are high efﬁciency—either EPAct or EFF1 equivalent

1
2
3
4
5
6
7

HIGH efﬁciency base case scenario
 30% pumping systems have been assessed for system energy efﬁciency
Both routine and predictive maintenance are commonly practiced
Flow is not controlled by throttling or bypass except in emergencies
Fluid is only pumped where and when needed to meet demand
Variable speed drives are one of several ﬂow control strategies commonly applied to increase system efﬁciency
Most facilities have a written rewind/replace policy that prohibits rewinding smaller motors (type o 37 kW)
50% Or more of the installed motors are high efﬁciency—either EPAct or EFF1 equivalent
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Table 2
Consolidated system efﬁciency for LOW–MED–HIGH efﬁciency base cases.
Motor system
type

Pumping systems
Low level of
efﬁciency
Medium level of
efﬁciency
High level of
efﬁciency
Compressed Air
systems
Low level of
efﬁciency
Medium level of
efﬁciency
High level of
efﬁciency
Fan systems
Low level of
efﬁciency
Medium level of
efﬁciency
High level of
efﬁciency

System efﬁciency
Low end
(%)

High end
(%)

Average
(%)

Used in our
analysis (%)

20.0

40.0

30.0

20.0

40.0

60.0

50.0

40.0

60.0

75.0

67.5

60.0

2.0

5.0

3.5

3.5

4.8

8.0

6.4

6.4

8.0

13.0

10.5

10.5

15.0

30.0

22.5

22.5

30.0

50.0

40.0

40.0

50.0

65.0

57.5

57.5

Table 3
Base case efﬁciencies assigned to each country for each motor system type.

US
Canada
EU
Brazil
Thailand
Vietnam

Pumping

Fan

Compressed air

MED
MED
MED
MED
MED
LOW

MED
MED
MED
LOW
LOW
LOW

MED
MED
MED
LOW
LOW
LOW

system in an industrial market with the characteristics listed for
the LOW–MED–HIGH efﬁciency base cases. A range of efﬁciency
was requested, rather than a single value, to better align with the
variations that are likely to be found in industrial settings. Table 2
consists of the consolidated results of these expert inputs, including the baseline values used in calculating the cost curves. There
was a high degree of agreement among experts for each system type
regarding the range of system energy efﬁciency that would be expected
to result from the list of characteristics assigned to the three base case
scenarios. Average values (of low to high ranges) were used for
compressed air and fan systems. However, low end of the range
was used for pumping systems because these values provided an
outcome more consistent with experts’ opinions for each of the
base cases than the average values. This helped to compensate for
lack of interactivity between measures in the analysis, which
seemed to be a particular issue for the pumping system measures.
After deﬁning efﬁciencies for each motor system, we assigned
a base case efﬁciency to each country of study (Table 3) for the
purpose of providing a reference point for the current (pumping,
compressed air, or fan) system performance in that country.
Expert judgment was used for this purpose. While it is important
to acknowledge that this approach blurs the real variations that
may exist in system performance from one industrial sector to
another within a country, it is consistent with the level of
precision possible with the available data.
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2.2.1. Determining the impact of energy efﬁciency measures
A list of potential measures to improve system energy efﬁciency
was developed for each system type and sent to the experts for
review. Ten energy-efﬁciency technologies and measures for pumping systems (US DOE, 2006), ten measures for the fan systems (US
DOE, 2003), and sixteen measures for compressed air systems
(Compressed Air Challenge and the US Department of Energy,
2003) were analyzed. For each group of measures, we asked experts
to provide their opinion on energy savings likely to result from
implementation of each measure, taken as an independent action,
expressed as a % improvement over each of the LOW–MED–HIGH
base cases. The percentage efﬁciency improvement by the implementation of each measure decreases as the base case moves from
LOW to HIGH. For instance, since the LOW base case is deﬁned by
limited maintenance, the % improvement from maintenance-related
measures would be expected to be greater than that of the HIGH
base case, for which both routine and predictive maintenance are
common.
The experts were also asked to critique the list of measures.
Based on the responses received, edits were made to the list of
measures, requiring a second round of review to validate the %
efﬁciency improvement values.
In some instances, the initial list of measures included several
measures that would be unlikely to be implemented together—it
is more likely that one would be selected. For example, it is likely
that matching pumping system supply to demand would include
one of the measures below, rather than all three.
Measure A—trim or change impeller to match output to
requirements.
Measure B—install pony pump.
Measure C—install new properly sized pump.
For this reason, in situations for which there appear to be
groupings of several proposed solutions to address a speciﬁc
problem, during the second round of review, the experts were
asked whether the measures would be undertaken together, and
if not, to select which one was the most typical or common.
For compressed air systems, heat recovery can be extremely
beneﬁcial to improving the energy efﬁciency of the system by
recovering the energy lost through heat of compression (typically
80% of input energy), if a suitable use can be found for the
resulting low grade heat. Because compressed air system heat
recovery would need to be added to the base case rather than
applied as a % improvement and consensus could not be reached
concerning its potential across countries and climates, the measure was not included in the ﬁnal analyses.
The experts were also asked to provide cost information for
each measure, disaggregated by motor size range. The size ranges
were selected based on categories developed for the most
detailed motor system study available (US DOE, 2002). For the
purpose of this study, the term ‘‘motor system size’’ refers to the
aggregate motor HP or kW for that system. In addition to the
energy efﬁciency improvement cost, the experts were also asked
to provide the useful lifetime of the measures, disaggregated into
two categories of operating hours (between1000 h and 4500 h per
year and more than 4500 h per year). Finally, the experts were
asked to indicate the degree to which the energy saving achieved
by each measure is dependent on the future maintenance practices (limited, moderately, or highly dependent).
While the installed cost of any given measure is highly dependent on site conditions, the ‘‘typical’’ cost data given by experts was
reasonably well correlated for most measures and system sizes, with
the exception of very large systems (large than 1000 hp or 745 kW).
For these systems, costs estimates varied widely—possibly due to
their customized requirements. Because wide variations in cost
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Table 4
Expert Input: energy efﬁciency measures, efﬁciency improvement and cost for pumping systems.
No.

Energy efﬁciency measure

Expected useful
life of measure
(years)

Typical capital cost (US$)

r50 hp

450 hp r 100 hp

4100 hp r 200 hp

4200 hp r500 hp

4500 hp r1000 hp

% Improvement
over LOW eff.
base case (%)

% Improvement
over MED eff.
base case (%)

% Improvement
over HIGH eff.
base case (%)

3.5

2.5

1.0

5

$1000

$1500

$2000

$2500

$3000

10.0

5.0

2.0

4

$6000

$6000

$9000

$12,000

$15,000

12.0

7.0

3.0

4

$3500

$3500

$7000

$10,500

$14,000

5.0

2.0

10

$3000

$3000

$3000

$3000

a

10.0

5.0

15

$0

$0

$0

$0

$0

15.0

10.0

8

$5000

$10,000

$15,000

$20,000

$25,000

1.2
Eliminate unnecessary uses
1.2.1 Use pressure switches to shut down 10.0
unnecessary pumps
1.2.2 Isolate ﬂow paths to nonessential or 20.0
non-operating equipment
Matching Pump System Supply to
Demand
1.3.1 Trim or change impeller to match
20.0
output to requirements

r37 kW 437 kWr 75 kW 475 kWr 150 kW 4150 kWr 375 kW 4375 kWr745 kW

1.3

1.4

Meet variable ﬂow rate
requirement w/o throttling
or bypass b
1.4.1 Install variable speed drive

25.0

15.0

10.0

10

$4000

$9000

$18,000

$30,000

$65,000

1.5

25.0

15.0

5.0

20

$15,000

$30,000

$40,000

$65,000

$115,500

5.0

3.0

1.0

15

$2200

$4,500

$8000

$21,000

$37,500

12.0

9.0

3.0

5

8000

$8000

$10,000

$10,000

$12,000

1.6
1.7

a
b

Replace pump with more energy
efﬁcient type
Replace motor with more energy
efﬁcient type
Initiate predictive maintenance
program

This measure is not typical for large pumps, but it is a good practice for all pumps in parallel applications.
For pumping systems dominated by static head, multiple pumps may be a more appropriate way to efﬁciently vary ﬂow.
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1.1
Upgrade system maintenance
1.1.1 Fix Leaks, damaged seals, and
packing
1.1.2 Remove scale from components
such as heat exchangers and
strainers
1.1.3 Remove sediment/scale buildup
from piping

Typical % improvement in energy efﬁciency over
current pump system efﬁciency practice
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imposed additional uncertainty on the ﬁnal results, systems larger
than 1000 hp (745 kW) were excluded from the ﬁnal analysis. This
reduced the total energy savings potential estimated in some
instances, most notably for compressed air systems in the US A
more extensive dialogue with experts on the cost drivers of larger
systems might result in sufﬁcient disaggregation to permit their
inclusion in future analyses.
Because the goal of the analysis is to assess the total potential
for energy efﬁciency in industrial motor systems in the base year,
the estimated full cost of the measures analyzed was used rather
than the incremental cost for energy efﬁcient measures. Therefore,
the energy savings is based on the assumption that all the
measures are installed in the base year. In this case, the full cost
of the measures should be applied since the existing systems are
not all at the end of their lifetime.
Experts input for motor system characteristics described above
were reduced to a single value for each characteristic based on an
analysis of average and median values. These consolidated values
were further validated through one more round of expert review
before being included in the analyses. Table 4 depicts the ﬁnal
values for typical % improvement in efﬁciency over each base case
efﬁciency (LOW–MED–HIGH) as well as an estimated typical
capital cost of the measure, differentiated by system size for the
pumping system.
The similar tables for compressed air and fan systems can be
found at UNIDO (2010). The base year for all countries/region
except the EU was 2008. For the EU, year 2007 was used as the
base year based on industrial energy use data availability.
Country-speciﬁc data was collected from various sources.
Data from three sources – US DOE (2002), US DOE (2004) and
de Almeida et al. (2003) – were used to construct a preliminary
table of motor system use by industrial sector. The experts were
then asked to estimate (a) the system electricity use as % of
overall electricity use in the sector, or (b) system electricity use as
% of motor system electricity use in the sector
The results from the experts were compared with the three
studies and ﬁnal estimates were developed for (1) the motor
systems electricity use as a % of total electricity use in each
industrial sector and (2) for each system (pump, compressed air,
and fan), the electricity use as % of overall motor system
electricity use in the sector. These values were then applied to
the electricity use data for each country. The data were mapped
using the US classiﬁcations (US DOE, 2002) in a way that best
represented the industry sectors given for these countries.

the energy conservation potential as a function of the marginal
Cost of Conserved Energy (Meier, 1982). The Cost of Conserved
Energy can be calculated from Eq. (1).
Cost of Conserved Energy ¼ annualized capital cost
þ annual change in O&M costs=annual energy savings

ð1Þ

The annualized capital cost can be calculated from Eq. (2):
annualized capital cost ¼ capital costnðd=ð1ð1þ dÞn Þ

ð2Þ

d is the discount rate, n the lifetime of the energy efﬁciency
measure.
After calculating the Cost of Conserved Energy for all energy
efﬁciency measures, the measures are ranked in ascending order of
Cost of Conserved Energy against an energy price line. All measures
that fall below the energy price line are identiﬁed as ‘‘cost-effective’’.
That is, saving a unit of energy for the cost-effective measures is
cheaper than buying a unit of energy. On the curves, the width of
each measure (plotted on the x-axis) represents the annual energy
saved by that measure. The height (plotted on the y-axis) shows the
measure’s cost of conserved energy.
In this study, a real discount rate of 10% was assumed for the
analysis. Since it is one of the key variables used in the cost of
conserved energy calculation, we conducted a sensitivity analysis
of the ﬁnal results with varying discount rates. A sensitivity
analysis was also conducted for the unit price of electricity
because it can vary within the country/region, especially in the
US and EU. The results of these analyses can be found in UNIDO
(2010).
Fig. 1 shows the schematic of calculation process for the
construction of motor systems efﬁciency supply curves. The
details of each step are explained in next sections.
2.3.1. Calculation of the annual energy savings
The calculation and data analysis methodology used was the
same for all three motor system types included in these analyses
(i.e. pumping, fan, and compressed air systems). The example
provided here for pumping systems is also illustrative of the
methodology used for the other two systems.
For the calculation of energy saving achieved by the implementation of each efﬁciency measure for the pumping system, the
following inputs were available:

 The efﬁciency base case scenarios for pumping systems (LOW,

2.3. Construction of Motor System Efﬁciency Supply Curves
The conservation supply curve (CSC) used in this study is an
analytical tool that captures both the engineering and the
economic perspectives of energy conservation. The curve shows
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MED, and HIGH), as developed from expert input. As previously described, each country was then assigned a base case
efﬁciency for pumping systems, based on the authors’ judgment and expert consultation.
For each pumping system measure, the experts provided a
typical % improvement in energy efﬁciency over each base case
efﬁciency scenario.

Fig. 1. Schematic of calculation process for the construction of motor systems efﬁciency supply curves.
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 Electricity use in the manufacturing sectors of each country.
 The percentages of the pump system electricity use as com-



Box 2–Cumulative annual electricity savings calculation:
pumping system measures treated in relation to each other.

pared to the total electricity use in each industrial sector
studied. Using these percentages and the electricity use of
each sector, the total electricity use by the pump system in
each sector was calculated. The total value of all the electricity
use for the industrial sectors studied in the given country
could then be calculated and used to calculate the potential
electricity savings for this system type.
From the above information, the annual electricity saving from
the implementation of each individual efﬁciency measure for
the pumping system was calculated following the steps given in
Box 1, assuming that measures are treated individually and can be
implemented regardless of the implementation of other measures.

In the procedure explained above, input energy use is the
energy that is supplied to the system. The Useful energy use,
however, is the energy that is converted to the actual service
through the system—it is the energy that does the work of the
system at the end use. Useful energy use is calculated by multiplying the Input energy use by the system efﬁciency, which is
always less than 100%.
In practice, the implementation of one measure can inﬂuence the
efﬁciency gain by the next measure implemented because the second
measure is implemented against an improved base case efﬁciency.
Therefore, the efﬁciency improvement by the second measure will be
less than if the second measure was implemented ﬁrst or was
considered alone. The reﬁned methodology treats measures in relation with each other (as a group). Using this reﬁned approach, the
efﬁciency improvement by the implementation of one measure depends
on the efﬁciency improvement achieved by the previous measures
implemented and can be described as shown in Box 2.
In this method, the Cumulative electricity saving is calculated
by taking into account the additive effect of the measures, rather
than treating the measures completely in isolation from
each other.
As might be anticipated, the ranking of the measures signiﬁcantly inﬂuences the energy saving achieved by each measure.
The higher the rank of the measure, the larger the energy saving
contribution of that measure to the cumulative savings. To deﬁne
the ranking of the efﬁciency measures before calculating the
Box 1–Annual electricity savings calculation: pumping system
measures treated in isolation.
1. Annual input energy for the pumping system (MWh/yr)¼
pump system energy use in industry in the base year.
2. Annual useful energy used in the pumping system with
base case efficiency¼ annual input energy for the pump
(MWh/yr)nbaseline efficiency of the pumping system.
3. New system efficiency after the implementation of the
efficiency measure¼ base case efficiency of the pumping
systemn(1þ % system efficiency improvement by the
implementation of the measure).
4. Annual useful energy used in the pumping system with
NEW efficiency ¼annual input energy for the pumping
system (MWh/yr)nnew system efficiency.
5. Annual useful energy saving¼annual useful energy used
in the pumping system with NEW efficiencyannual
useful energy used in the pumping system with base case
efficiency.
6. Annual input energy saving¼annual Useful energy saving/new system efficiency after the implementation of the
efficiency measure.

1. Annual input energy for the pump system (MWh/yr)¼
pumping system energy use in industry in the base year.
2. Annual useful energy used in the pumping system with
baseline efficiency¼annual Input energy for the pump
(MWh/yr)nbaseline efficiency of the pumping system.
3. Cumulative new system efficiency after the implementation of the efficiency measure¼base case efficiency of the
pumping systemn(1 þsum of the % efficiency improvement by the implementation of the measure and all the
previous measures implemented).
4. Cumulative annual useful energy used in the pumping
system with NEW efficiency ¼annual input energy for the
pumping system (MWh/yr)ncumulative new system efficiency.
5. Cumulative annual useful energy saving¼annual useful
energy used in the pumping system with NEW efficiencyannual useful energy used in the pumping system
with base case efficiency.
6. Cumulative annual input energy saving¼cumulative annual useful energy saving/cumulative New system efficiency after the implementation of the efficiency measure.

cumulative energy saving from the method described above, the
Preliminary Cost of Conserved Electricity (CCE) was calculated
(see below for the explanation on CCE calculation) for each
measure assuming that the measures are independent of each
other (i.e. treating them in isolation without taking into account
any additive effect). Then, these measures were ranked based on
their Preliminary CCE. This ranking was used to calculate the Final
Cumulative annual energy saving as well as the Final CCE.

2.3.2. Calculation of the Cost of Conserved Electricity
Since the capital cost data received from the experts was for
the implementation of only one unit of each measure/technology,
the Cost of Conserved Electricity (CCE) was calculated assuming
the implementation of only one unit of each measure under each
efﬁciency base case, taken separately. Calculations were performed separately for each base case (LOW, MED, and HIGH).
Later, the CCE was calculated under the base case scenario
assigned to each country (see Table 3) and the system was used
in developing the corresponding efﬁciency supply curve. The CCE
is calculated as follows:

 Capital cost data was provided in ﬁve bins based on a range of




motor sizes, expressed in horsepower (hp) UNIDO (2010). The
average hp value of each range was used as a representative size
in the analyses, except for the ﬁrst and last category for which the
boundary values are assumed.
The Annualized capital cost of implementing one unit of each
measure could then be calculated using the Eq. (2).
The discount rate of 10% was assumed for the analysis, as
previously discussed. The lifetime of the measures were
provided by the experts for each efﬁciency measure.

Because only one type of cost (capital cost) was available for
each measure, the capital cost was used for the calculation of the
CCE without regard for any change in operations and maintenance
(O&M) cost (given in Eq. (1)). Some of the measures themselves
are improvement in maintenance practices. Therefore, the cost of
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conserved energy can be calculated from the following formula:
Cost of Conserved Energy ¼

annualized capital cost
annual input energy savings

ð3Þ

 For calculating the energy saving achieved by the implemen-




tation of one unit of each measure, the information concerning
the cost of implementing one unit of each measure was


Box 3–Calculation of the annual energy saving for one unit of
each measure under each base case scenario.
1. Annual input energy for one unit of system (MWh/
yr)¼(hpnhours used per yearnloadn0.746/1000)/motor
efficiency.
2. Annual useful energy used in one unit of system with base
case efficiency¼ annual input energy for one unit of
system (MWh/yr)nbase case efficiency of the pumping
system.
3. New system efficiency after the implementation of the
efficiency measure¼base case efficiency of the pumping
systemn(1þ % system efficiency improvement by the
implementation of the measure).
4. Annual useful energy used in one unit of system with NEW
efficiency ¼annual input energy for one unit of system
(MWh/yr)nnew system efficiency.
5. Annual Useful energy saving for one unit of system¼annual useful energy used in one unit of system with
NEW efficiency annual useful energy used in one unit of
system with base case efficiency.
6. Annual Input energy saving for one unit of system¼annual useful energy saving for one unit of system/
New system efficiency after the implementation of the
efficiency measure.



6601

combined with some assumptions for the load and operation
hours for the motor systems for each representative size for
which the CCE is calculated.
For the hours of operation, the values for each motor system
type and power range from US DOE’s motor market assessment report were used (US DOE, 2002).
For the load factor, the experts were asked to provide the
Distribution of Industrial Motors by Part Load (part loads: 25%,
50%, 75%, and 100%) for each motor system type UNIDO
(2010).
The annual energy saving for one unit of each measure under
each base case scenario was calculated (separately) using the
procedure shown in Box 3.
Having the annual cost and annual electricity saving calculated
above for one unit of the system, the Cost of Conserved
Electricity (CCE) could be calculated for each representative
motor size (5 CCE for 5 motor sizes).
Only one CCE value can be displayed on the supply curve,
therefore, the CCEs calculated for different motor sizes were
consolidated. For each measure, the motor system energy use
(GWh/yr) by Horsepower (for each type of system, i.e. pumping, fan, compressed air) was used to calculate the weighted
average CCE. One CCE resulted for each efﬁciency measure
under each base case scenario. The CCE calculated above is the
Preliminary CCE since in the calculation of this CCE the additive
effect is not taken into account. This Preliminary CCE was used
for the ranking of the measures before the ﬁnal calculation of
the Cumulative Energy Saving could be done in which the
additive effect of the measures is taken into account.

Once the measures are ranked based on the Preliminary
CCE, we can calculate the Final CCE from the calculation shown
in Box 4.
The ﬁnal CCE is used for the construction of Motor Systems
Efﬁciency Supply Curve along with the Cumulative Annual Input
Energy Saving explained in the previous section.

Box 4–Final CCE calculation.
1. Annual input energy for one unit of system (MWh/yr)¼(hpnhours used per yearnloadn0.746/1000)/motor efficiency.
We assumed the average motor efficiency of 93% across all sizes.
2. Cumulative new system efficiency after the implementation of the efficiency measure¼base case efficiency of the pumping
systemn(1þsum of the % efficiency improvement by the implementation of the measure and all the previous measures
implemented).
However, unlike the energy saving that is shown as cumulative saving on the supply curve (x-axis), the CCE for each individual
measure is shown separately on the supply curve. In other words, the y-axis on the supply curve shows the CCE for the individual
measure. Therefore, the cumulative input energy saving for one unit of system cannot be used in the calculation of Final CCE. For
the calculation of Final CCE, it is necessary to determine the Individual Input energy saving for one unit of system for each
measure. This is done, for example for measure number (i) from the following procedure:
3. Cumulative Annual Useful energy used in one unit of system with Cumulative new efficiency after the implementation of the
efficiency measure (i) ¼annual Input energy for one unit of system (MWh/yr)ncumulative new system efficiency after the
implementation of the efficiency measure (i).
4. Cumulative annual useful energy used in one unit of system with cumulative new efficiency after the implementation of the
efficiency measure (i 1)¼annual Input energy for one unit of system (MWh/yr)ncumulative new system efficiency after the
implementation of the efficiency measure (i1).
5. Individual annual useful energy saving for one unit of system for measure (i) ¼cumulative annual useful energy used in one unit of
system with cumulative new efficiency after the implementation of the efficiency measure (i) cumulative annual useful energy
used in one unit of system with cumulative new efficiency after the implementation of the efficiency measure (i1).
6. Individual annual input energy saving for one unit of system measure (i) ¼individual annual useful energy saving for one unit of
system/cumulative new efficiency after implementation of the efficiency measure (i).
7. Final Cost of Conserved Electricity of measure (i) ¼annualized capital cost of measure (i)/individual annual input energy saving for
one unit of system for measure (i).

6602

A. McKane, A. Hasanbeigi / Energy Policy 39 (2011) 6595–6607

systems in other countries studied can be found in UNIDO (2010).
The name of the measures related to each number on the supply
curve is given in Table 5 along with the cumulative annual
electricity saving potential, ﬁnal CCE of each measure, cumulative
annual primary energy saving potential, and cumulative CO2
emission reduction potential.
In Table 5, the energy efﬁciency measures that are above the
bold line are cost-effective (i.e. their CCE is less than the unit price
of electricity) and the efﬁciency measures that are below the bold
line in the tables and are shaded in gray are not cost-effective. The
results of Pumping System Efﬁciency Supply Curves show that in
the developed countries (US, Canada, and EU) out of 10 energy
efﬁciency measures, from 3 to 5 measures are cost effective, i.e.
their cost of conserved energy is less than the average unit price
of electricity in those countries. On the other hand, in the
developing countries, more energy efﬁciency measures fall below
the electricity price line (7–9 measures), primarily due to the
impact of the labor adjustment factor. Table 6 shows the summary of the results for the U.S. pumping system.
Table 7 illustrates that in all countries studied except Vietnam,
the total technical energy saving potential is around 45% of the
total pumping system energy use in the base year for the
industries analyzed. The reason for this similarity is that all
countries except Vietnam fall into the MEDIUM base case efﬁciency (see Table 3). Because Vietnam falls into LOW base case
efﬁciency, the share of total technical energy efﬁciency potential

2.3.3. Labor adjustment factor for the cost of measures
The typical capital costs of installing the selected measures
provided by the experts were more typical of the US, Canada,
and European countries. Since a signiﬁcant proportion of the
installed cost of many system improvement measures is the labor,
a labor adjustment factor (LAF) was calculated for each energy
efﬁciency measure for the three developing countries/emerging
economies, i.e. Thailand, Vietnam, and Brazil. This resulted in lower
CCEs for the measures in the three developing countries compared
to that of the developed countries (see UNIDO, 2010 for further
details).

3. Results and discussion
It should be noted that the energy saving potentials are the
total existing potentials for the energy efﬁciency improvement in
the studied motor systems in the base year, and would only be
possible over a period of time. Conducting the scenario analysis
by assuming different penetration rates for the energy efﬁciency
measures would be an excellent subject for further study.
3.1. Pumping System Efﬁciency Supply Curves
Fig. 2 presents the Pumping System Efﬁciency Supply Curves
for the US Similar ﬁgures and tables for the industrial pumping

Pump System Efficiency Supply Curve for U.S. Industry
Cost of Conserved Electricity
(US$/MWh-saved)
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saving potential:
54,023 GWh/yr
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saving potential:
36,148 GWh/yr

200
150
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100
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3
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Average Unit Price of
Electricity for U.S Industry
in 2008: 70.1 US$/MWh *

1
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15,000
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55,000

Annual Electricity Saving Potential (GWh/yr)
Fig. 2. US Pumping System Efﬁciency Supply Curve. Note: This supply curve is intended to provide an indicator of the relative cost-effectiveness of system energy
efﬁciency measures at the national level. The cost-effectiveness of individual measures will vary based on site-speciﬁc conditions.
Table 5
Cumulative annual electricity saving and CO2 emission reduction for pumping system efﬁciency measures in US ranked by their ﬁnal CCE.
Final CCE
(US$/MWhsaved)

Cumulative annual
primary energy
saving potential in
industry (TJ/yr)

Cumulative annual CO2
emission reduction
potential from
industry (kton CO2/yr)

No.

Energy efﬁciency measure

Cumulative annual
electricity saving
potential in industry
(GWh/yr)

1

Isolate ﬂow paths to nonessential or nonoperating equipment
Install variable speed drive
Trim or change impeller to match output to
requirements
Use pressure switches to shut down
unnecessary pumps
Fix Leaks, damaged seals, and packing
Replace motor with more energy efﬁcient
type
Remove sediment/scale buildup from piping
Replace pump with more energy efﬁcient
type
Initiate predictive maintenance program
Remove scale from components such as heat
exchangers and strainers

10,589

0.0

116,265

6382

23,295
33,279

44.5
57.0

255,784
365,405

14,040
20,057

36,148

65.7

396,905

21,786

37,510
39,084

84.1
116.9

411,855
429,138

22,607
23,555

42,523
48,954

126.3
132.2

466,906
537,516

25,628
29,504

52,302
54,023

189.0
330.9

574,280
593,171

31,522
32,559

2
3
4
5
6
7
8
9
10
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compared to the total pumping system energy use is higher than
that of the other ﬁve countries/region, at approximately 57%.
For cost-effective potential, however, the story is different. The
three developed countries have the cost-effective potential of
27–29% of the total pumping system energy use in the base year
for the industries analyzed. Although Thailand and Brazil have a
MEDIUM base case efﬁciency (similar to the developed countries),
their cost-effective potential is higher – equal to 36% and 43%,
respectively – due to the application of a labor adjustment factor
in the calculation of CCE. For Vietnam, the cost-effective potential
is much higher than other countries (49%) due to the combination

Table 6
Total annual cost-effective and technical energy saving and CO2 emission reduction potential for US industrial pumping systems.
Technical
potential

Cost
effective
potential
36,148
Annual electricity saving potential for pumping
system in US industry (GWh/yr)
29
Share of saving from the total pumping system
energy use in studied industries in US in 2008
(%)
Share of saving from total electricity use in
4
studied industries in US in 2008 (%)
Annual primary energy saving potential for
396,905
pumping system in US industry (TJ/yr)
Annual CO2 emission reduction potential from US 21,786
industry (kton CO2/yr)

Cost
effective
US
36,148
Canada
9929
EU
26,921
Thailand
2782
Vietnam
1693
Brazil
4439
n

of a LOW efﬁciency baseline and the application of labor adjustment factor.
The relative cost-effectiveness of the pumping system energy
efﬁciency measures across all countries are generally consistent
with what could be expected based on ﬁeld experience. There are
some interesting ﬁndings. For example, replacing either the pump or
the motor with a more energy efﬁcient type, a commonly implemented measure, is frequently not cost-effective on the supply
curves. There are two notable ﬁndings that are not consistent with
what one might expect based on ﬁeld experience. First, the relative
cost-effectiveness of a preventive maintenance program is much
lower for pumping systems than for compressed air or fan systems,
which may warrant further investigation. Second, relatively low cost
effectiveness result for removing scale from heat exchangers, which
in reality, is often cost-effective for cooling loops, a common
pumping application. While this lack of granularity may be suitable
to support policymaking needs, it is not a substitute for individualized assessments of motor system efﬁciency opportunities.

54,023

3.2. Compressed Air System Efﬁciency Supply Curves
43

6
593,171
32,559

Table 7
Total annual cost-effective and technical energy saving potential in pumping
systems in studied countries.
Share of saving from total
pumping system energy use in
studied industries in 2008

Country Annual electricity saving
potential in industrial
pumping system (GWh/yr)
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Technical

Cost
effective (%)

Technicaln
(%)

54,023
16,118
38,773
3459
1984
4585

29
27
30
36
49
43

43
45
44
45
57
45

In calculation of energy savings, equipment 1000 hp or greater are excluded.

Fig. 3 presents the Compressed Air System Efﬁciency Supply
Curves for the US Tables 8 and 9 summarize the results for the
US. Similar ﬁgures and tables for the industrial compressed air
systems in other countries studied can be found in UNIDO (2010).
The Compressed Air System Efﬁciency Supply Curves for the six
countries/region showed that ‘‘Fix Leaks, adjust compressor controls, establish ongoing plan’’ and ‘‘Initiate predictive maintenance program’’ are the top two most cost-effective measures for
the compressed air system across studied countries, except for
the EU for which ‘‘Install sequencer’’ displaces ‘‘Initiate predictive
maintenance program’’ in the top two. On the other hand, ‘‘Size
replacement compressor to meet demand’’ is ranked last with the
highest CCE across all countries studied.
Table 10 shows that for Canada and the EU, each with a
MEDIUM base case efﬁciency, the total technical energy saving
potential is well-aligned at 41% and 38%, respectively, of the total
compressed air system energy use in the base year for the
industries analyzed. Although the US base case efﬁciency for
compressed air systems is also MEDIUM, the total technical
potential is only 29% of the total compressed air system energy
use for the industries analyzed based on 2008 data. A major
reason for this difference seems to be in the relative share of
energy use by compressed air system larger than 1000 hp,
excluded from these analyses, as compared to the total energy
use of compressed air systems, which includes these larger

Compressed air System Efficiency Supply Curve for U.S. Industry
Cost of Conserved Electricity
(US$/MWh-saved)
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Fig. 3. US Compressed Air System Efﬁciency Supply Curve. Note: this supply curve is intended to provide an indicator of the relative cost-effectiveness of system energy
efﬁciency measures at the national level. The cost-effectiveness of individual measures will vary based on site-speciﬁc conditions.
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Table 8
Cumulative annual electricity saving and CO2 emission reduction for compressed air system efﬁciency measures in US ranked by their Final CCE.
No.

Energy efﬁciency measure

1

Fix Leaks, adjust compressor controls,
establish ongoing plan
Initiate predictive maintenance program
Install sequencer
Improve end use efﬁciency; shut-off idle
equip, engineered nozzles, etc.
Eliminate inappropriate compressed air uses
Address restrictive end use drops and
connections, faulty FRLs
Eliminate artiﬁcial demand with pressure
optimization/control/storage
Replace existing condensate drains with zero
loss type
Correct compressor intake problems/replace
ﬁlter
Correct excessive pressure drops in main line
distribution piping
Install dedicated storage with metered
recovery
Reconﬁgure branch header piping to reduce
critical pressure loss
Correct excessive supply side pressure drop;
i.e., treatment equipment
Match air treatment to demand side needs
Improve trim compressor part load
efﬁciency; i.e. variable speed drive
Size replacement compressor to meet
demand

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Final CCE
(US$/MWhsaved)

Cumulative annual
electricity saving
potential in industry
(GWh/yr)

20,334
Annual electricity saving potential for
compressed air system in US Industry
(excludes systems larger than 1000 hp)
(GWh/yr)
21
Share of saving from the total compressed air
system energy use in studied industries in US
in 2008 (%)
Share of saving from total electricity use in
2
studied industries in US in 2008 (%)
Annual primary energy saving potential for
223,267
compressed air system in US Industry (TJ/yr)
Annual CO2 emission reduction potential from US 12,255
Industry (kton CO2/yr)

Cumulative annual CO2
emission reduction
potential from
industry (kton CO2/yr)

7073

14.4

77,658

4263

9037
11,862
14,353

33.4
35.3
40.4

99,230
130,239
157,600

5447
7149
8651

17,832
18,783

49.9
55.7

195,796
206,242

10,747
11,321

20,334

62.0

223,267

12,255

20,958

75.7

230,116

12,631

21,161

87.3

232,343

12,753

21,755

105.5

238,864

13,111

22,328

108.8

245,156

13,457

22,881

110.9

251,229

13,790

23,415

129.7

257,095

14,112

24,431
26,699

136.6
164.1

268,248
293,156

14,724
16,091

28,403

212.7

311,865

17,118

Table 9
Total annual cost-effective and technical energy saving and CO2 emission
reduction potential for US industrial compressed air systems (systems o 1000 hp
excluded from the analysis).
Cost
effective
potential

Cumulative annual
primary energy
saving potential in
industry (TJ/yr)

Technical
potential

Table 10
Total annual cost-effective and technical energy saving potential in compressed
air systems in studied countries.
Country Annual electricity saving
potential in industrial
compressed air system
(GWh/yr)

28,403

29

3

US
Canada
EU
Thailand
Vietnam
Brazil

Share of saving from the total
Compressed air system energy use
in studied industries in 2008

Cost
effective

Technical

Cost
ffective (%)

Technicaln
(%)

20,334
4707
18,519
3741
1609
6069

28,403
7498
24,857
4381
1970
6762

21
26
28
47
46
42

29
41
38
55
56
47

311,865
n

In calculation of energy savings, equipment 1000 hp or greater are excluded.

17,118

systems. This share in the US is 44%, whereas in Canada and EU
they are only 22% and 19%, respectively.
For Thailand, Vietnam, and Brazil with LOW base case efﬁciency
(see Table 3), the share of total technical energy efﬁciency potential
for industrial compressed air systems relative to total compressed
air energy use is higher than that of developed countries. Within
this group, Brazil has a lower share, most likely because for the
same reason given above for the US The three developed countries
have the cost-effective potential of 21–28% of the total compressed
air system energy use in the base year for the industries analyzed
compared to the three developing countries with a cost-effective
potential of 42–47%. These results can be attributed the difference
in efﬁciency base cases and the labor adjustment factor.

As expected, most of the compressed air system energy
efﬁciency measures identiﬁed as cost effective require limited
capital investment. Leaks are routinely cited as the most costeffective measure among compressed air system experts, but it
must be noted that (1) the energy savings for this measure are
contingent on the adjustment of compressor controls once the
leaks are ﬁxed and (2) the useful life of this measure is based on
the implementation of an ongoing leak management program.
As with pumping systems, there are limitations of these
analyses, which are by necessity based on a generalization of
the beneﬁts of each energy efﬁciency measure across a wide
variety of system type and operating conditions. For instance,
there are situations in which correcting a pressure drop across
compressed air treatment equipment or replacing a compressor
intake ﬁlter can be highly cost-effective and may result in the
ability to turn off a compressor or the avoidance of premature
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equipment failure. While this lack of granularity may be suitable
to support policymaking needs, it is not a substitute for individualized assessments of motor system opportunities.
3.3. Fan System Efﬁciency Supply Curves
Fig. 4 shows the Fan System Efﬁciency Supply Curves for the US
Tables 11 and 12 summarize the results for the US. The similar
ﬁgures and tables for the industrial compressed air systems in
other countries can be found in UNIDO (2010). The Fan System
Efﬁciency Supply Curves showed that ‘‘Correct damper problems’’,
‘‘Fix Leaks and damaged seals’’, and ‘‘Isolate ﬂow paths to
nonessential or non-operating equipment’’ are the top three most
cost-effective measures for fan systems across the studied countries. ‘‘Replace motor with more energy efﬁcient type’’ and
‘‘Replace oversized fans with more efﬁcient type’’ are the least
cost-effective across all countries studied.
Table 13 shows that US, Canada, and EU with MEDIUM base
case efﬁciency have a total technical energy saving potential of
27 –30% as compared with total fan system energy use in the base
year for the industries analyzed. Thailand, Vietnam, and Brazil,
with LOW base case efﬁciency have a higher percentage of total
energy saving technical potential of 40% –46%.
The three developed countries also have a lower cost-effective
potential of 14–28% of total fan system energy use in the base year
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for the industries analyzed, as compared to the cost-effective
potential of 40–46% for the developing countries, for the same
reasons previously cited for pumping and compressed air systems.
Another point to highlight is the difference between the costeffective energy saving potential for fan systems in the US
and Canada. The main reason for this is that the cost-effectiveness
of measure number 8 (install variable speed drive or VSD),
which has the highest energy saving potential, is marginally
Table 12
Total annual cost-effective and technical energy saving and CO2 emission reduction potential for US Industrial fan systems.
Cost
effective
potential
Annual electricity saving potential for fan system 15,432
in US Industry (GWh/yr)
Share of saving from the total fan system energy
25
use in studied industries in US in 2008 (%)
Share of saving from total electricity use in
2
studied industries in US in 2008 (%)
Annual primary energy saving potential for fan
169,438
system in US Industry (TJ/yr)
Annual CO2 emission reduction potential from US
9300
Industry (kton CO2/yr)

Technical
potential

18,451
3
2
202,592
11,120

Fan System Efficiency Supply Curve for U.S. Industry
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Fig. 4. US Fan System Efﬁciency Supply Curve. Note: This supply curve is intended to provide an indicator of the relative cost-effectiveness of system energy efﬁciency
measures at the national level. The cost-effectiveness of individual measures will vary based on site-speciﬁc conditions.

Table 11
Cumulative annual electricity saving and CO2 emission reduction for fan system efﬁciency measures in US ranked by their Final CCE.
No.

Energy efﬁciency measure

1
2
3

Correct damper problems
Fix Leaks and damaged seals
Isolate ﬂow paths to nonessential or nonoperating equipment
Correct poor airﬂow conditions at fan inlets
and outlets
Remove sediment/scale buildup from fans
and system surfaces
Initiate predictive maintenance program
Repair or replace inefﬁcient belt drives
Install variable speed drive
Replace oversized fans with more efﬁcient
type
Replace motor with more energy efﬁcient
type

4
5
6
7
8
9
10

Cumulative annual
electricity saving
potential in industry
(GWh/yr)

Final CCE
(US$/MWhsaved)

Cumulative annual
primary energy
saving potential in
industry (TJ/yr)

Cumulative annual CO2
emission reduction
potential from
industry (kton CO2/yr)

1448
2815
6106

9.5
10.6
11.3

15,902
30,904
67,049

873
1696
3680

7939

16.7

87,171

4785

8459

22.5

92,882

5098

9133
9945
15,432
17,850

26.9
52.9
65.6
81.9

100,280
109,193
169,438
195,988

5504
5994
9300
10,758

18,451

104.9

202,592

11,120
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cost-effective in the US but not cost-effective in Canada.
This variation is the result of the difference in average electricity
price for industry in these two countries. While ﬁeld experience
in Canada would support the cost-effectiveness of VSDs in
speciﬁc industrial facilities, studying this measure using
national averages illustrates the important role of the electricity
price in cost-effectiveness of a measure both within and across
countries.
Most fan system measures analyzed are cost-effective in all
countries studied. In addition, for Thailand and Brazil all fan
system measures are cost-effective. Potential causes for this
outcome is combination LOW base case, the application of labor
adjustment factor, and relatively high electricity costs.

4. Conclusion
Energy Efﬁciency Supply Curves were constructed for this
paper for pumping, fan, and compressed air systems in the US,
Canada, EU, Thailand, Vietnam, and Brazil. Using the bottom-up
energy efﬁciency supply curve model, the cost-effective as well as
total technical electricity efﬁciency potentials for these motor
systems were estimated for the six countries in the analyses.
Fig. 5 shows the share of energy savings for each motor system as
a share of total electricity use in the base year for industries
studied in the six selected countries/region.
The share of total technical electricity saving potential for
pumping systems as compared to the total pumping system

energy use in studied industries for the base year varies between
43% and 57%. The share of total technical electricity saving
potential for compressed air systems as compared to the total
compressed air system energy use in studied industries for the
base year varies between 29% and 56%. The share of total
technical electricity saving potential for fan systems as compared
with the total fan system energy use in studied industries in the
base year varies between 27% and 46%.
The share of cost-effective electricity saving potential as
compared to the total motor system energy use in the base case
varies between 27% and 49% for the pumping system, 21% and
47% for the compressed air system, and 14% and 46% for the fan
system. Overall, Thailand, Vietnam and Brazil have a higher
percentage for cost-effective potential as compared to total motor
systems energy use due to a LOW efﬁciency base case and
application of a labor adjustment factor. Table 14 shows the total
annual cost-effective and technical energy saving potential in the
industrial motor systems in studied countries/region
A further study was conducted for the relative dependence on
regular maintenance of energy savings from the measures studied
and this result was compared to the cost-effectiveness of these
measures. The dependence of many of the cost effective motor
system energy efﬁciency measures on effective maintenance is
one indicator of the potential beneﬁts from implementing an
energy management system (McKane et al., 2005), and hints at
Table 14
Total annual cost-effective and technical energy saving potential in the industrial
motor systems in studied countries/region.
Country

Table 13
Total annual cost-effective and technical energy saving potential in fan systems in
studied countries.
Annual Electricity Saving
Potential in Industrial fan
system (GWh/yr)

Share of saving from the total fan
system energy use in studied
industries in 2008

Cost effective

Technical

Cost effective (%)

Technicala (%)

18,451
3386
13,015
1819
832
3327

25
14
28
46
41
40

30
27
29
46
45
40

US
15,432
Canada
1825
EU
12,590
Thailand
1819
Vietnam
750
Brazil
3327
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Fig. 5. Energy savings by motor system as a share of total electricity use in the base year for industries studied in the six selected countries.
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the potential impact from implementation of the future International Organization for Standardization (ISO) 50001- Energy
Management Systems. A principal goal of the ISO 50001 standard
is to foster continual and sustained energy performance improvement through a disciplined approach to operations and maintenance practices.
This study was planned as a two phase project. The goal of
Phase I, which is presented in this paper, was to develop an
analysis methodology and apply it to six countries/region for
which we had acceptable data on industrial energy use and at
least data on motor systems. The purpose of Phase II is to engage
wider participation from industrial energy efﬁciency experts from
the countries studied and from 6 to 10 additional countries. These
experts will be invited to provide data and to test and reﬁne the
Phase I methodology.
Finally, it should be noted that some energy efﬁciency measures provide productivity, environmental, and other beneﬁts in
addition to energy savings, but it is difﬁcult to quantify those
beneﬁts. Including quantiﬁed estimates of other beneﬁts can
decrease the cost of conserved energy and, thus, increase the
number of cost-effective efﬁciency measures (Worrell et al., 2003).
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Energética, Michael McNeil, Nguyen Hoang Anh, and Lynn Price.

6607

References
Compressed Air Challenge and the US Department of Energy, 2003. Improving
Compressed Air System Performance: A Sourcebook for Industry, prepared by
Lawrence Berkeley National Laboratory and Resource Dynamics Corporation.
Washington, DC DOE/GO-102003-1822. /http://www1.eere.energy.gov/indus
try/bestpractices/techpubs_compressed_air.htmlS.
de Almeida, A.T., Fonseca, P., Bertoldi, P., 2003. Energy-efﬁcient motor systems in
the industrial and in the services sectors in the European Union: characterisation, potentials, barriers and policies. Energy 28 (2003), 673–690.
Fraunhofer ISI, 2009. Study on the Energy Savings Potentials in EU Member States,
Candidate Countries and EEA Countries—Final Report.
Hasanbeigi, A., Menke, C, Therdyothin, A., 2010. The use of conservation supply
curves in energy policy and economic analysis: the case study of Thai cement
industry. Energy Policy 38 (2010), 392–405.
IEA, 2007. Tracking Industrial Energy Efﬁciency and CO2 Emissions. Available at:
/http://www.iea.org/w/bookshop/add.aspx?id=298S.
Koomey, J., Rosenfeld, A.H., Gadgil, A., 1990. Conservation screening curves to
compare efﬁciency investments to power plants: applications to commercial
sector conservation programs. In: Proceedings of the 1990 ACEEE Summer
Study on Energy Efﬁciency in Buildings. Available at: /enduse.lbl.gov/info/
ConsScreenCurves.pdfS.
Levine, M.D., Meier, A.K., 1999. Energy in the Urban Environment: The Role of
Energy Use and Energy Efﬁciency in Buildings. Report No. 43956. Lawrence
Berkeley National Laboratory, Berkeley, CA. Available at: /http://www.osti.
gov/energycitations/product.biblio.jsp?osti_id=793735S.
Lutsey, N., 2008. Prioritizing Climate Change Mitigation Alternatives: Comparing
Transportation Technologies to Options in Other Sectors. Institute of Transportation Studies. University of California, Davis (available at).
McKane, A., Wayne, P., Li, A., Li, T., Williams, R., 2005. Creating a standards
framework for sustainable industrial energy efﬁciency. In: Proceedings of
EEMODS 05. Heidelberg, Germany. LBNL-58501. /http://industrial-energy.lbl.
gov/node/147S.
McKane, A., Price, L., de la Rue du Can, S., 2008. Policies for Promoting Industrial
Energy Efﬁciency in Developing Countries and Transition Economies. The
United Nations Industrial Development Organization, Vienna, Austria (Published as an e-book, May 2008).
McKinsey and Company, 2008. Greenhouse Gas Abatement Cost Curves. Available
at: /http://www.mckinsey.com/clientservice/ccsi/Costcurves.aspS.
Meier, A.K., 1982. Supply Curves of Conserved Energy. Ph.D. Thesis. University of
California, Lawrence Berkeley Laboratory. Available at: /http://repositories.
cdlib.org/lbnl/LBL-14686/S.
United Nations Industrial Development Organization (UNIDO), 2010. Motor
System Efﬁciency Supply Curves. Available From: /http://industrial-energy.
lbl.gov/node/450S.
US DOE, 2002. United States Industrial Electric Motor Systems Market Opportunities Assessment. Available at: /www1.eere.energy.gov/industry/bestprac
tices/pdfs/mtrmkt.pdfS.
US DOE, 2003. Improving Fan System Performance: A Sourcebook for Industry.
prepared by Lawrence Berkeley National Laboratory and Resource Dynamics
Corporation, Washington, DC DOE/GO-102003-1294. /http://www1.eere.
energy.gov/industry/bestpractices/techpubs_motors.htmlS.
US DOE, 2004. Energy Use and Loss Footprints. Available at: /http://www1.eere.
energy.gov/industry/program_areas/footprints.htmlS.
US DOE, 2006. Improving Pumping System Performance: A Sourcebook for
Industry second ed. Lawrence Berkeley National Laboratory, Resource
Dynamics Corporation, and the Alliance to Save Energy, Washington, DC
(prepared).

